Contribution of active-site residues to the function of onconase, a ribonuclease with antitumoral activity.
Onconase (ONC), a homologue of ribonuclease A (RNase A), is in clinical trials for the treatment of cancer. ONC possesses a conserved active-site catalytic triad, which is composed of His10, Lys31, and His97. The three-dimensional structure of ONC suggests that two additional residues, Lys9 and an N-terminal lactam formed from a glutamine residue (Pca1), could also contribute to catalysis. To determine the role of Pca1, Lys9, and Lys31 in the function of ONC, site-directed mutagenesis was used to replace each with alanine. Values of k(cat)/K(M) for the variants were determined with a novel fluorogenic substrate, which was designed to match the nucleobase specificity of ONC and gives the highest known k(cat)/K(M) value for the enzyme. The K9A and K31A variants display 10(3)-fold lower k(cat)/K(M) values than the wild-type enzyme, and a K9A/K31A double variant suffers a >10(4)-fold decrease in catalytic activity. In addition, replacing Lys9 or Lys31 eliminates the antitumoral activity of ONC. The side chains of Pca1 and Lys9 form a hydrogen bond in crystalline ONC. Replacing Pca1 with an alanine residue lowers the catalytic activity of ONC by 20-fold. Yet, replacing Pca1 in the K9A variant enzyme does not further reduce catalytic activity, revealing that the function of the N-terminal pyroglutamate residue is to secure Lys9. The thermodynamic cycle derived from k(cat)/K(M) values indicates that the Pca1...Lys9 hydrogen bond contributes 2.0 kcal/mol to the stabilization of the rate-limiting transition state during catalysis. Finally, binding isotherms with a substrate analogue indicate that Lys9 and Lys31 contribute little to substrate binding and that the low intrinsic catalytic activity of ONC originates largely from the low affinity of the enzyme for its substrate. These findings could assist the further development of ONC as a cancer chemotherapeutic.